Continuous development of new technologies leads to increasing pollution of water
INTRODUCTION
Heavy metals are a source of great concern because of their possible reactivity, toxicity and mobility in water and soil. Heavy metals are classified as human carcinogens according to the International Agency for Research on Cancer. Cadmium, Cd, as highly toxic and cancerogenic heavy metal represents a significant environmental pollutant owing to its potential release during industrial use, mining, and waste disposal. Unlike many organic pollutants, cadmium is constantly accumulated in the environment and cannot be degraded [1] .
Several techniques, like ion exchange, reverse osmosis, electrochemical treatment, membrane filtration, etc, have been used to remove heavy metals. Among TEHNIKA -NOVI MATERIJALI 28 (2019) 1 them, the adsorption process is a very suitable technique, due to its simplicity, efficiency and effectiveness as well as lower costs compared to other techniques [2] . Adsorption process includes separation of substance from one phase and its accumulation to another surface [3] .
Various adsorbents are used for adsorption of heavy metals from wastewater. Clays are excellent adsorbent materials, because they have a large specific surface area, chemical and mechanical stability, high cation exchange capacity, etc. [4, 5, 6] . Considering cation exchange properties and layered structure of clay materials, it is possible to introduce molecules of other compounds, which can be used to change and tailor their properties. Different guest molecules can be introduced between layers of the clay, depending on the desired result. Because of swelling properties of clays, exchanged molecules can be bigger than original ones, what is compensated by expanse of interlayer spacing in the clay structure [7] [8] [9] . Kaolinite, a typical 1:1 type clay mineral composed of SiO4 tetrahedral and AlO4(OH)2 octahedral sheets, has asymmetric interlayer environments between the layers, i.e. shares a common plane of oxygen atoms and repeating layers of the mineral treatment [20] , amino acid modified [5] , etc.
Clay minerals can be substantially modified by replacing the natural inorganic interlayer cations with selected organic cations. Organoclays have been heavily explored in numerous scientific and medical fields, due to the accessibility [2, 10] . Also, it possesses a high chemical stability, cation exchange capacity and low expansion coefficient. Cation exchange capacity, CEC, is the concentration of exchangeable cations on clay material. The cation can be exchanged when brought into contact with other ions in aqueous solution [11, 12] .
The capacity of the cation exchange is a quantitative measure of the ability of clay mineral to change cation and is expressed in mmol M+/100 g of dry clay. Average values of CEC for kaolin based on literature is 3-15 meq/100g [12] [13] [14] . Increased cation exchange capacity can be achieved by modifying kaolinite. Modification of kaolinite can be done in different ways, e.g. modified with phosphates [12] , organic-modifications of kaolinite [16] [17] [18] [19] , thermal of natural clay minerals and their ability to incorporate a large variety of functional molecules [8, 21, 22] . Amino acids can be considered great modification agents as being one of the main building blocks of living organisms, ecofriendly not causing contamination when released to the environment and having affinity to heavy metal ions.
In this paper, the comparison of effectiveness of kaolinite and kaolinite modified with amino acids, histidine and cysteine, was investigated in the process of adsorption of cadmium ions from aqueous solution. The choice of cysteine and histidine was made in order to determine the influence of additional functional groups in amino acids on adsorption and modification processes. Histidine (C6H9N3O2) has additional basic amino groups and it is expected that side chains exhibit enhanced adsorption properties and interact with clay mainly through the imidazole group [11] . Histidine has three amino groups that can potentially present additional binding sites for Cd ions from wastewater. Cysteine (C3H7NO2S) has thiol group which has a high affinity for heavy metals [23] and plays a vital role in the synthesis of peptides and proteins and in the detoxification of heavy metals such as cadmium and mercury in living organisms [24] [25] [26] .
EXPERIMENTAL

Materials and Methods
The kaolinite clay from Rudovci, Lazarevac, Serbia, was used as an adsorbent in this study. The surface of kaolinite clay was modified by two amino acids, histidine (Roth) and cysteine (Merck).
Fifteen grams of kaolinite clay interacted for 24 h, at room temperature, with 100 mL of a solution containing 1.55 g of histidine and 1.21 g of cysteine. The synthesized adsorbents were washed with de-ionized water, to remove unreacted histidine and cysteine. The presence of amino acids in the filtrate was determined by ninhydrin reaction. After that, the adsorbents were dried at 110°C. Prepared adsorbents are designated as K-HIS and K-CIS and raw kaolinite as K, the appearance of which is shown in Figure 1 .
a) b) c) Figure 1 -Adsorbents a) K, b) K -HIS, c) K -CIS
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RESULTS AND DISCUSSION
Amino acids in water solutions dissociate and turn into ions. Depending on the pH applied, they can be present in the form of cations, anions or zwitterions. They are adsorbed to kaolinite by exchange with exchangeable ions present in interlayer space of clay. The mechanism of bonding between clay material and amino acid molecules is also not known yet. It can proceed through formation of a chemical bond or electrostatic forces [28] .
Cation exchange capacity (CEC)
All clay minerals are inorganic ion exchangers and have ability to exchange cations to a smaller or larger amount. The amounts of amino acid adsorbed and bound are dependent on the type of amino acid, the type of clay, the type of cation predominant on the clays and the basicity or the additional function moiety (e.g. carboxyl, thiol, guanido) of the amino acid [29] . The adsorption of an organic material onto a negatively charged surface is a complex process involving both cation exchange and hydrophobic bonding. In this work, for the determination of cation exchange capacity a methylene blue method was used. The value of cation exchange capacity (presented in Table 1 .) for kaolinite used in this work is 18,5 mmol M+/100 g clays. The CEC of kaolinite depends on the particle size (both thickness and diameter in the (00l plane) and pH value. Particle size is more important than crystallinity in affecting kaolinite CEC [30] . For kaolinite modified with histidine, values of CEC decrease slightly, but CEC values of K-CIS are the same as CEC values of kaolinite. For better understanding of the obtained results of CEC values, it is necessary to study the structure analysis of these complex systems of modified kaolinite with amino acids. One of the explanations of obtained results could be that when kaolinite is modified by cysteine, there are no intercalation and occupation of certain reactive positions in kaolinite, so the CEC values remain approximately the same. Cysteine has three disociable protons, and the completely anionic form of cysteine is obtained only in very basic solutions [29] . The interaction mechanism of clay with cysteine in an aqueous medium mostly occurs by weak interactions like van der Waals interactions, hydrogen bonding, dipole-dipole interactions, and other electrostatic forces. Adsorption of the cysteine can be affected by the composition of clay. Oxidation of cysteine to cystine can occur in the presence of iron oxide, whereby the thiol group (-SH) change in the disulfide bond (S-S) occurs [31] . Although the CEC value obtained for histidine-modified kaolinite is lower than the CEC of kaolinite, it potentially contains more sites for binding Cd ions. The results obtained by Fernandes, 2015 [8] confirmed the incorporation of L-histidine in the structure of the clays. L-histidine having additional basic amino group's side chains is expected to show enhanced adsorption properties [32] . In general, positively charged basic amino acids are more strongly adsorbed than neutral or acidic amino acids, due to ionexchange reactions onto negatively charged clay surfaces [33] . 
Batch adsorption test
Data obtained from batch adsorption test were used to calculate the adsorption capacity of metal ion adsorbed on the adsorbent qe, mg/g, using following mass balance equation (1) 
The removal efficiency (R) can be calculated by the following equation (2) 
where the c0 and ce (mg l-1) are the initial and the final concentration of Cd(II) in the solution, respectively. Figure 2 shows the change of the adsorption capacity of adsorption of Cd(II) ions as a function of contact time. Adsorption was tested in the batch system without additional pH adjustment (pH = 6.4). This value is in the range in which the maximum adsorption is recorded, as detailed in the following section.
Effect of contact time
Effect of pH
The adsorption capacity of the K, K-HIS, K-CIS adsorbents for Cd (II) ions at various pH conditions is expressed in Figure 3 . The initial pH range of 3-7.0 was used to study the effect of pH of the solution on removing Cd (II) by kaolinite and modified kaolinite. The maximum of the adsorption capacity was achieved at pH=5.0 for kaolinite, and pH values between 6.0 and 7.0 for modified adsorbents. The structure of amino acids depends on the pH value. In the neutral environment, amino acids have both positive and negative charge, and can participate in the binding of heavy metal ions thus increasing adsorption capacity. pH values above 7.0 were avoided because of the possibility of metal hydroxide formation and precipitation.
Figure 3 -Influence of pH on adsorption capacity of clay samples (c0=50.0 mg/dm3, t= 60 min, T=298K)
In the literature, the formation of the complex Cd with cysteine [34] and then its adsorption on kaolinite was reported by Benincasa et al. [35] . However, by changing the order, i.e. the modification of kaolinite with cysteine and then the Cd ion adsorption similar results are not obtained. Adsorption of Cd ions takes place through both negative positions on intercalation ions of histidine and on free negative sites of kaolinite, which increases the adsorption capacity of K-HIS.
Effect of initial concentration of Cd (II)
solutions Figure 4 shows effects of initial concentrations of cadmium on adsorption capacity onto K, K-HIS and K-CIS samples. With the increase of the initial concentration, the adsorption capacity increases linearly, but the efficiency of adsorption decreases with the increase of initial concentration. This suggests that the amount of Cd (II) adsorption in the examined samples is dependent upon the availability of binding sites for cadmium. Figure 5 shows the influence of temperature on the investigated clay samples. At temperature interval from 298 to 313 K the adsorption capacity for all samples increased. The increase in the adsorption capacity of clay with the rise of temperature may be attributed to the increase in the mobility of metal cations [36] A steep drop in the adsorption capacity at temperatures above 313 K indicates the start of desorption process. 
Effect of temperature
Adsorption isotherms
To identify the mechanism of the adsorption process, Langmuir and Freundlich isotherm models were used to fit experimental data.
The Langmuir model was originally developed assuming monolayer adsorption on a surface of the adsorbent with a finite number of adsorption sites. The linear form of the Langmuir equation is represented by equation (3) 
Langmuir and Freundlich constant values and the correlation coefficients obtained after processing the experimental data using equations (3) and (4) are shown in Table 2 . High correlation coefficient values, close to 1, indicate that adsorption of cadmium ion can be represented by the Freundlich adsorption model and by type it is the chemisorption.
Adsorption kinetics
The kinetics of cadmium (II) ion adsorption on investigated adsorbents was analyzed by linearized pseudo -first and pseudo -second order kinetic models. Pseudo-first order kinetic models can be well described at the beginning of adsorption process. The pseudo-first order equation describes adsorption in solid-liquid systems based on the sorption capacity of solids. The pseudo first order reaction model [36] is expressed as the following equation ( 
The pseudo-second model [20] is based on the assumption of chemisorption of the adsorbate on the adsorbent. This model is expressed as (6): Calculated values of kinetic parameters are presented in Table 3 . High correlation coefficient values, close to 1, indicate that cadmium ion adsorption kinetics can be represented by the equation of the pseudosecond order and by type it is the chemisorption. 
Thermodynamic parameters
Thermodynamic parameters can be determined using the equilibrium constant Kc, which depends on temperature.
The change in free energy (ΔG), enthalpy (ΔH) and entropy (ΔS) associated to the adsorption process were calculated by using following equations (7), (8) Thermodynamic parameters of the adsorption of cadmium ions onto investigated clays are shown in Table 4 . Gibbs free energy (ΔG) was calculated using lnKc values for different temperature. The negative values of ΔG and ΔH indicated that the sorption is a spontaneous and exothermic process. ΔG decreased with the increase of temperature. TEHNIKA -NOVI MATERIJALI 28 (2019) 1 
Influence of different heavy metals on adsorption
The adsorption capacity depends on the experimental parameters such as contact time, pH and initial concentration, as stated above. The comparison of adsorption capacity of different heavy metals (lead (Pb) and zinc (Zn)) in relation to cadmium (Cd) adsorption capacity onto investigated adsorbents is shown in Figure 6. The results showed that the adsorption capacity depended on which metal ions were adsorbed. The adsorption of metal decreased as follows Pb2+ > Cd2+ > Zn2+, for all three adsorbents. 
adsorbents (K, K-HIS and K-CIS)
The adsorption capacity of lead ions was high, regardless of the adsorbent being used. The adsorption of cadmium and zinc ions is increased on kaolinite modified with histidine, but remains atthe same level for kaolin modified with cysteine in comparison to raw kaolinite.
CONCLUSION
The kaolinite modification with amino acids, histidine and cysteine was performed to improve the efficiency of adsorption of cadmium ion. The efficiency of cadmium removal from the aqueous solution onto histidine-modified kaolinite increased from 78.6% (K) to 91.8% (K-HIS). Better agreement with Freundlich's adsorption isotherm and the pseudo-second order kinetics model suggest that the adsorption of cadmium ions on the investigated adsorbents takes place by chemisorption mechanism.
Amino acid (histidine and cysteine) modified kaolinite adsorbents discussed in the present work showed promising results for the separation of Cd (II) ions from waste water. In order to obtain more precise insight into the adsorption mechanism, the continuation of our research will be directed towards the physicochemical characterization of modified materials, as well as on improving the process of modifying kaolinite with used, but also with some new amino acids.
ACKNOWLEDGMENTS
